Abstract Using computed tomography-assisted (CT) osteodensitometry, we studied the bone changes that occurred in 12 patients at 2 weeks and again at 1 year after total hip arthroplasty with insertion of a press-fit acetabular cup and an uncemented femoral tapered stem. There was a greater decrease in full bone density (BD) lateral to the femoral stem when compared to the medial side, at the proximal end of the femur this difference was significant (-22.1% versus -16.2%) (P<0.001). At the tip of the stem cortical BD had decreased between 2.3% and 1.9% only. Proximal to the cup, the cortical BD increased by about 3.4% (P≤0.05), while the full BD decreased markedly by 8% (P≤0.001). These changes represent a response to a decrease in regional bone stress induced by the presence of the press-fit implant, and this might be considered as retro-acetabular stress shielding. No focal bone resorption was found.
Introduction
Changes in periprosthetic bone density (BD) after total hip arthroplasty (THA) have not been well described. Little is known about the phenomena of bone remodelling of the acetabulum after the insertion of prosthesis, and this can be considered as retroacetabular stress shielding [10] . Computed tomography (CT) is a radiological method that can be used to examine bone structures, since it has a high validity and gives high resolution. In the past, good quality scans of bone structures adjacent to orthopaedic implants were impossible owing to the disturbance caused by the presence of metal. Nowadays, improvements in CT technology and an extended CT scale for image reconstruction allow better examination of bone [6] . Our study was conducted using quantitative CT to assess total and cortical BD changes adjacent to the femoral and the peri-acetabular press-fit components.
Material and methods
Operations were performed on 12 patients (12 hips) using a pressfit acetabular component and an uncemented femoral component of tapered design (Cerafit, Ceraver Osteal, France). The average age of these patients was 54 years (range: 31-70), and the female/male ratio was 1:1. All the hips were studied using a standard CT mode (slice 2 mm, feed 10 mm, 140 kV, 206 mAs) at 2 weeks and again at 1 year after surgery. The entire implant area was scanned starting 10 mm proximal to the cup and ending approximately 20 mm distal to the tip of the stem (Fig. 1) . The resulting CT data were analysed with IMPact-HIP software (Institute of Medical Physics, University of Erlangen-Nuremberg), and the measured parameters were the full and cortical area (millimetres squared) as well as BD (calcium hydroxyapatite milligrams per millilitre). Femoral BD was analysed scan by scan, but this was only measured at the acetabular level in the first CT scan proximal to the cup (Fig. 1) . 
Results
The greatest decrease of density in the cortical and cancellous bone of the femur was seen in relation to the most proximal part of the prosthesis and measured up to 22.1% (P≤0.001). BD was not significantly decreased at the tip of the stem (-2.09%). There was a higher decrease of BD lateral to the stem when compared to the medial side in relation to the proximal part of the prosthesis, and this difference was significant (Fig. 2 , Table 1 ).
One year after surgery, the mean femoral cortical BD had decreased by up to 15.54% (P≤0.001) at the level of the medial femoral metaphysis. No significant difference was found between the loss of cortical BD medial and lateral to the stem. Cortical BD at the tip of the stem had not significantly decreased (2.34%) (Fig. 3 , Table 2 ). Proximal to the cup, the cortical BD had increased by about 3.43% (P≤0.05), while combined cancellous and cortical BD had decreased by 8% (P≤0.001). No focal bone resorption was detected around the stem or the cup.
Discussion
The method used in the present study allowed an accurate analysis of the bone structure and showed a consistent reduction in relation both to the soft tissues and implanted metal [1, 2, 3] . Moreover, while only two-dimensional surface determinations are possible with conventional DXA, three-dimensional assessment of the bone is possible with CT-assisted osteodensitometry. In the present study using CT-assisted bone mineral densitometry, less bone resorption (approximately -20% for cortical and cancellous BD) was found in the proximal part of the femur when compared to similar measurements made with DXA (-35% for Gruen zones 1 and 7) [7, 8] . These findings probably result from the type of implant used in our study, particularly its tapered design. Both the small caput collum diaphysis (CCD) angle (132°) and the wide anteroposterior angle of configuration of the taper (5.5°-6°), as well as the reduced length of the implant and the resulting metaphyseal fixation, led to better weight bearing in the proximal portion of the femur [9] . At the proximal end of the implant, the reduction of cortical BD was less than the reduction of 'combined' or 'total' BD at the same level. This indicates that the structure and quality of cancellous bone is affected more than cortical bone by the insertion of a prosthesis.
The increase of cortical BD and the decrease of combined BD immediately proximal to the press-fit acetabular component suggest an altered stress pattern within the pelvis resulting from implantation of the cup. However, since cortical BD increased and combined BD decreased, this suggests a load transfer of stress to the peripheral (cortical) bone proximal to the acetabulum, and a decreased stress distribution to the central (cancellous) bone. Experiments using simulation of metal-backed uncemented components with finite element analysis have given similar results [4] , and the loss of retro-acetabular bone stock ultimately may affect long-term stability of the implant.
Based on the results of the present study, an accurate assessment of the in vivo success of an implant seems to be possible using CT-assisted osteodensitometry 1 year after insertion of the implant. An early assessment of the changes in the bone in relation to the implant can be made. This may lead indirectly to consideration of the quality of the fixation and of the pattern of any loosening. CT-assisted osteodensitometry can therefore be considered an effective method for quality control in THA.
The higher radiation dose necessary for CT imaging permits the use of this method for academic purposes in selected patients only. In the future, reduction of the overall radiation dose [5] will probably extend the application of CT technology to routine pre-operative planning and post-operative follow-up, and thus may also replace the use of conventional radiography.
At present, CT imaging is carried out by means of an extended scale that allows a satisfactory differentiation 301 Table 2 Change of cortical bone density (BD) medial and lateral to the stem 1 year post-operatively (ns = not significant) between bone and implant. Further improvements in artefact reduction by special image reconstruction methods using raw data will give additional information, particularly at the bone-implant interface [5] . An extension of the number of parameters that can be measured, such as cancellous BD and differentiation between anterior and posterior bone sections, as well as bone implant contact surface analysis, also should be possible in the future.
